BcgI and BcgI-like restriction endonucleases cleave double stranded DNA specifically on both sides of their asymmetric recognition sequences which are interrupted by several ambiguous base pairs. Their heterosubunit structure, bifunctionality and stimulation by AdoMet make them different from other classified restriction enzymes. Here we report on a new BcgI-like restriction endonuclease, BplI from Bacillus pumilus, which in contrast to all other BcgI-like enzymes, recognizes a symmetric interrupted sequence, and which, like BcgI, cleaves double stranded DNA upstream and downstream of its recognition sequence (8/13)GAGN 5 CTC(13/8). Like BcgI, Bpl I is a bifunctional enzyme revealing both DNA cleavage and methyltransferase activities. There are two polypeptides in the homogeneous preparation of BplI with molecular masses of ∼74 and 37 kDa. The sizes of the BplI subunits are close to those of BcgI, but the proportion 1:1 in the final preparation is different from that of 2:1 in BcgI. Low activity observed with Mg 2+ increases >100-fold in the presence of AdoMet. Even with AdoMet though, specific cleavage is incomplete. S-adenosylhomocysteine (AdoHcy) or sinefungin can replace AdoMet in the cleavage reaction. AdoHcy activated BplI yields complete cleavage of DNA.
Type II restriction endonucleases, by definition, recognize nucleotide sequences 4-8 bp in length, cleave within them, require only Mg 2+ as a cofactor, and interact with target duplexes as monomers (1, 2) . As the number of characterized type II restriction endonucleases increases, evidence accumulates that they are a non-homogenous group of enzymes. Some of them have been demonstrated to manifest such unusual properties that the suggestion has been made that they should be classified as new kinds of restriction endonucleases: type IIS, type IV, BcgI-like (2) (3) (4) . Of note is the fact that all enzymes belonging to the suggested designations are distinguished by their recognition of asymmetric nucleotide sequences. Specifically, BcgI-like enzymes (BcgI, Bsp24I, BaeI, CjeI and CjePI) recognize asymmetric sequences interrupted by 4-7 ambiguous bp, require Mg 2+ for cleavage activity, are stimulated by AdoMet, and cleave DNA on both sides of their recognition sequence, thereby excising a short DNA fragment (5-9). The genes coding for BcgI have been cloned and sequenced (6) . The BcgIA gene codes for a 71.6 kDa protein that resembles certain m6A-specific DNAMTases. The BcgIB gene encodes a 39.2 kDa protein. Neither protein can cleave or modify DNA by itself, but together they form a complex of composition A 2 B that can perform both functions. Two subunits of BaeI have also been identified (∼80 and 55 kDa), subunits a little larger than those of BcgI. BaeI activity also includes both endonucleolytic and DNA methylation activities (8) . Only specificity and cofactor requirements for the remaining BcgI-like enzymes (7,9) have been determined so far.
We now describe a new BcgI-like restriction endonuclease BplI, isolated from Bacillus pumilus P126-132, which in contrast to all other known BcgI-like enzymes recognizes a symmetric interrupted nucleotide sequence and cleaves upstream and downstream of the recognition sequence (8/13)GAGN 5 CT-C(13/8) leaving 5 nt 3′ extensions. The BplI protein has been purified to apparent homogeneity by heparin-Sepharose, blueSepharose, phosphocellulose, hydroxyapatite and AH-Sepharose column chromatography. SDS-PAGE of the purified preparation reveals two polypeptides of BplI with molecular masses of 74 (subunit α) and 37 kDa (subunit β) (Fig. 1A) . Thus, BplI like BcgI and BaeI contains two protein subunits (6, 8) . In addition, the sizes of the BplI subunits are close to those of BcgI. Using scanning densitometry to characterize the BplI subunit mass ratio, a ratio of absorbencies of the two peaks of ∼2:1 was observed, a figure which corresponds to a subunit mass ratio of 74:37, indicating that the two proteins are present in the final preparation in the proportion 1:1. This finding indicates that the BplI is a dimer of composition αβ, while BcgI is a trimer of composition A 2 B (6).
Purified BplI maintains an absolute requirement for Mg 2+ , for cleavage activity, which is stimulated by AdoMet (data not shown), and which, in parallel manifests methylation activity, as determined by the DNA protection assay (Fig. 1B) . Only a minor number of the BplI sites were modified. Resistance to BplI cleavage of modified DNA should not, however, be interpreted as an experimental artefact, since plasmid DNA when added to the BplI premodified λ DNA yields the same restriction pattern as that resulting from separate cleavage of the same plasmid by BplI (data not shown). The recognition sequence of all five BcgI-like enzymes contains a pair of adenines, which is located symmetrically relative to the centre of the double-stranded duplex that is being cleaved (8) . This pair of adenines in the BcgI recognition sequence is the target site for methylation (6) . Thus, it is reasonable to speculate that the symmetrically located adenines in the BplI recognition sequence possibly also constitute the methylation site of the BplI enzyme.
*To whom correspondence should be addressed. Tel: +370 2 642 468; Fax: +370 2 642 624; Email: janulait@fermentas.lt Optimal enzyme activity is observed in 33 mM Tris-HCl buffer (pH 7.9), containing 10 mM magnesium acetate, 66 mM potassium acetate at 37_C, with 0.05 mM AdoMet. Even at optimal AdoMet concentration though, which increases purified BplI activity >100-fold, complete cleavage of DNA is not achieved. Bsp24I also cleaves DNA incompletely (7), though incomplete cleavage is not a characteristic shared with other BcgI-like restriction endonucleases. Like all characterized BcgI-like restriction endonucleases activity does not require ATP.
AdoHcy and sinefungin can replace AdoMet as a cleavage cofactor in BplI digestion (optimal concentrations: 0.2 mM AdoHcy and 0.2 mM sinefungin). Of note is the fact that AdoHcy-activated BplI yields complete cleavage of DNA, indicating that binding of the cofactor rather than methyl group transfer is essential for cleavage. Incomplete cleavage in the presence of AdoMet therefore may be attributed to the concomitant methylation of some target nucleotides. AdoHcy can replace AdoMet in the activation of BaeI (8) but has no effect at low concentrations or inhibits BcgI activity at high concentrations (5). The effect of sinefungin has been characterized only in the case of BcgI, where it was shown to reliably replace AdoMet. All the data described above therefore indicate some diversity in the effects of cofactors on the activities of BcgI-like enzymes.
Of the DNA substrates used (λ, pBR322, pUC18, M13mp18 and φX174) only λ phage DNA was cleaved by BplI at only one site, yielding two fragments of ∼7500 and 41 000 bp (Fig. 1C) . Double digestion of λ DNA with BplI and EheI, XhoI, NheI, Eco47III and Eco31I localized the BplI recognition site to a position around 41 000. Using data on frequencies of occurrence of palindrome sequences in the DNA substrates used (10) we identified only one sequence that was consistent with our observations, 5′-GAGN 5 CTC-3′. The numbers of cleavage sites and lengths of DNA fragments resulting from treatment of Ad-2 DNA with BplI are consistent with the predicted recognition sequence (Fig. 1C) .
λ phage DNA was used as a template to characterise BplI's point of cleavage. The 20mer oligodeoxyribonucleotide complementary to λ DNA at the position 40 920-40 940, 5′-gctttgtggtaataggccag (cw strand) was used for forward sequencing (11), which was performed through the BplI site, located at the position 41 035. The cleavage site of BplI was determined by comparison of dideoxy sequencing ladders with polymerized extension products, cleaved with BplI. Two DNA bands were observed following digestion with BplI (Fig. 2, lane 2) : a 107 base fragment containing the primer and terminating eight bases before the recognition sequence; and a second 139 base fragment which included a 32 base fragment together with the recognition sequence and corresponded to the partial digestion product. The results obtained indicate that the second BplI DNA cut occurred 13 bases away from the recognition sequence. To determine cut points on the complementary strand, λ DNA digested with BplI was used as the template in the extending reaction using Vent polymerase, and the same primer. The reaction terminates such as to leave blunt ends at the point where BplI cleaves DNA. Two DNA bands, a 102 base fragment and a 134 base fragment, resulted, revealing that BplI cleaves DNA 13 bases upstream and eight bases downstream of the recognition sequence (Fig. 2) . Similar experiments to those described above were carried out using a ccw-strand primer 5′-gcttttgctccattagccag complementary at the position 41 150-41 130, which yielded the same results (data not shown). We therefore conclude that BplI cleaves double stranded DNA on both strands 8/13 bases before and 13/8 bases beyond the recognition sequence: (8/13)GAGN 5 CTC(13/8).
Twenty two prototypes of type II enzymes are listed in REBASE which recognize palindromic interrupted nucleotide sequences, in which the ambiguous sequence contains >1 bp (12, REBASE ver.708, 1997) . For all prototypes (except HgiEII) and for many of their isoschizomers, cleavage sites are known and they are located within the variable part of the recognition sequence or at the junction between the variable and unique components of the recognition sequence (AlwNI, ApaBI and DraIII). To date, only a few such restriction endonucleases have been characterized beyond the characterization of their specificity. Information currently available gives no indication as to their heterosubunit composition (13) (14) (15) (16) (17) . In asymmetric nucleotide sequences 5′-to-3′ recognition sequences are different in each strand. This precludes the possibility that symmetrically organized homodimers are involved in their recognition and rationalizes the heterosubunit composition of BcgI. Recognition of a symmetric nucleotide sequence and symmetric cleavage by BplI implies that this enzyme probably interacts with it's target duplex as a symmetrically organized oligomer composed of two α and two β subunits. The crucial issue in the subunit composition selection of BplI and the other enzymes recognizing interrupted palindromes would therefore seem to be the location of the cleavage site relative to the recognition sequence. An interdependence of enzyme structure and location of cleavage site in enzymes recognizing asymmetric sequences supports this notion. The monofunctional type II restriction endonuclease Bpu10I which recognizes an asymmetric sequence and cleaves within that sequence is composed of two heterosubunits (18) , while type IIS ENase FokI, which cleaves outside its asymmetric recognition sequence interacts with its target duplex as a monomer (19) .
